ABSTRACT: Background. The purpose of this study was to determine factors that impact recurrence and long-term survival of head and neck adenoid cystic carcinoma (ACC). Methods. We conducted a retrospective review of 87 patients with head and neck ACC who were evaluated between 1992 and 2009. Staining for Ki-67, p53, a-estrogen receptor (aER), and progesterone receptor (PR) was performed. Results. Forty men (46%) and 47 women (54%) were included in this study. Median follow-up for patients was 98 months. Five-year recurrence-free and overall survival (OS) rates were 56% and 81%, respectively. Ki-67 and p53 expression was observed in 5 (6%) and 2 (2%) patients, respectively. aER and PR were all negative. The most important determinants of disease-free survival (DFS) were perineural invasion (PNI; p 5 .001) and female sex (p 5 .027). Disease site (major vs minor salivary gland) was the only predictor of worse OS on multivariate analysis. Conclusion. Perineural invasion, female sex, and disease site were the most consistent predictors of poor outcome in head and neck ACC.
INTRODUCTION
Adenoid cystic carcinoma (ACC) is the fourth most common malignant epithelial salivary gland neoplasm, accounting for approximately 10% of all salivary carcinomas. 1 The 5-year survival rates for ACC are relatively high and lymph node metastases are rare. However, despite aggressive treatment, the disease is difficult to manage because of extensive local tissue infiltration and perineural spread, with 5-year recurrence rates of 35% to 50%. [2] [3] [4] There is much discordance among the literature regarding which clinicopathological factors significantly affect outcomes of head and neck ACC. Previously identified variables include perineural invasion (PNI), positive margin status at surgery, cervical lymph node metastasis, solid histology subtype, 2 site of origin, 5, 6 high Ki-67 expression, 3, 7 and sex. 8, 9 In this study, the authors retrospectively reviewed cases of ACC treated at a major tertiary care center, the Ohio State University Arthur G. James Cancer Hospital and Richard J. Solove Research Institute (James Cancer Hospital) in Columbus, Ohio, and compared clinicopathological features, treatment modalities, patterns of failure, and outcomes among patients with ACC originating from various head and neck sites. Immunohistochemical staining for Ki-67, p53, a-estrogen receptor (aER), and progesterone receptor (PR) was performed and correlated with the clinical parameters. The purpose of this study was to determine patient-related factors that impact disease-free survival (DFS) and overall survival (OS) of ACC of the head and neck among patients who underwent definitive treatment in the modern surgical era.
MATERIALS AND METHODS

Patient characteristics and tumor definition
The James Cancer Hospital Institutional Review Board approved the study (protocol no. 2009C0094). The study was exempt from written informed consent because of its retrospective nature. From 1992 to 2009, patients with the diagnosis of ACC of the head and neck were identified from the James Cancer Hospital Tumor Registry. Data concerning patient characteristics, clinical and pathologic tumor characteristics, and treatment modalities were obtained through a retrospective review of the medical records. All patients with a diagnosis of ACC who had tumor pathology reviewed at our institution were included in the study. Patients with evidence of metastatic disease at presentation or incomplete medical records were excluded from the study. Follow-up data were obtained until May 2012.
Major salivary gland tumors were classified according to the TNM classification of malignant tumors of the International Union Against Cancer. 10 Minor salivary gland tumors were classified according to the staging system for the site of origin. 11 All cases were validated after re-review by a head and neck pathologist to confirm the diagnosis of ACC. Tumors were subcategorized into 1 of 4 subtypes (cribriform, tubular, trabecular, or solid) when the predominant architectural subtype represented at least 70% of the specimen. 12 
Tissue microarray construction and immunohistochemistry
Representative tumor areas were selected and marked on hematoxylin-eosin-stained slides for the construction of microarrays. Duplicate cylindrical cores with a diameter of 1.5 mm were taken from tissue formalin-fixed paraffin-embedded tumor blocks using a tissue microarrayer and were assembled in a tissue microarray format. Serial 4-mm sections were used for immunohistochemical (IHC) staining.
IHC stains were performed using commercially available antibodies, steam-induced epitope retrieval, and DAKO Envision detection systems (DAKO, Carpentaria, CA) on formalin-fixed paraffin-embedded sections. The antibodies included PR (clone 1A6, dilution 1:800; DAKO), aER (clone ID5, dilution 1:600; DAKO), p53 (clone DO-7, dilution 1:50; DAKO), and Ki-67 (clone MIB-1, dilution 1:150; DAKO).
The expression of PR and aER was assessed semiquantitatively for the percent of tumor cells staining (0%; <5%; 5% to <25%; 25% to <50%; 50% to <75%; and 75%) and intensity (0, negative; 11, weak staining/ trace; 21, moderate staining; and 31, strong staining). Only nuclear staining was considered positive. Criteria set forth by Luo et al 13 and Motta Rda et al 14 for p53 and Ki-67 proliferative index were used to classify the IHC staining results as positive when staining was 10% and negative when staining was <10%. The final expression of each marker was the average of the 2 microarray cores for each sample.
Statistical analysis
OS was defined as the time from the date of initial definitive treatment to the date of death. Patients who were alive at the date of last observation were censored for survival analysis. DFS was defined as the time from the date of the initial definitive treatment to the date of disease recurrence. Patients without recurrence at the data of last observation were censored for disease control analysis. Survival curves were estimated using the method of Kaplan-Meier. 15 Because of the retrospective nature of the data collection, we were unable to determine diseasespecific survival in the patient cohort. The following predictors were analyzed as prognostic variables: age, older than 50 years; history of alcohol and/or tobacco use; radiation therapy and/or chemotherapy; sex; overall stage; PNI; lymphovascular invasion; resection margins; histological subtype; site of primary tumor; and p53, Ki-67, aER, and PR expression. Patients were subcategorized according to these variables and the curves were compared by the logrank tests for the univariate analysis. Multivariable Cox regression models were fit to the OS and DFS, respectively, using all the variables with p < .2 in the univariate analysis. 16 Variables with p > .05 were removed sequentially from the Cox regression model. The associations between categorical variables were assessed by chi-square test or Fisher exact test, whichever was appropriate.
RESULTS
Clinicopathological features
Eighty-seven patients met the inclusion criteria of the study (Table 1 ). This included 40 men (46%) and 47 women (54%) with a median age of 51 years (range, 21-83 years). Eighty-five patients (98%) had symptoms on presentation. Fifty-eight patients (67%) presented with a head and neck mass; 19 patients (22%) presented with neurologic dysfunction, such as facial pain, numbness, or weakness; and the remaining patients (n 5 16; 18%) presented with a range of symptoms that included headache, congestion, vision changes, ear pain, hearing loss, eye tearing, hoarseness, and nasal regurgitation.
Thirty-seven patients (43%) presented with major salivary gland (parotid, sublingual, or submandibular gland) and 58 patients (57%) presented with minor salivary gland involvement. At presentation, T classification distribution was as follows: T1, 30% (n 5 26); T2, 24% (n 5 21); T3, 20% (n 5 17); and T4, 26% (n 5 23). Eight patients (9%) were found to have lymph node involvement at presentation.
Histopathology and immunohistochemistry
On pathological analysis, 19 patients (22%) had lymphovascular invasion and 52 patients (60%) had PNI. Forty-two patients (48%) had negative margins. The cribriform pattern was the predominant histological subtype identified in 47 patients (54%), followed by the tubular pattern in 22 patients (25%), solid pattern in 10 patients (11%), and trabecular pattern in 7 patients (8%; Table 1 ).
The p53 and Ki-67 staining was positive in 2 patients (2%) and 5 patients (6%), respectively. None of the tumor samples showed positive expression for either aER or PR.
Treatment modalities and outcomes
All patients were treated with primary surgery. Neck dissection was performed in 28 patients (32%). Neck dissection was reserved for those patients with clinical examination or imaging suspicious for lymph node involvement. Forty-nine patients (57%) received adjuvant radiation therapy after surgical resection. The average radiation dose delivered to the primary site was 5600 cGy (range, 3000-6840 cGy). Twelve patients (14%) received concomitant chemoradiation therapy. The median followup was 98 months (range, 3-432 months).
The 5-year DFS and OS rates were 56% and 81%, respectively. Thirty-four patients (39%) experienced local recurrence, 12 patients (14%) had regional recurrence at the level of the neck, and 20 patients (23%) had distant recurrence. Fourteen patients (16%) had ACC recurrence at more than 1 site. Of the patients with distant metastases, 19 had metastases to the lungs and 3 had bone metastases. The most commonly involved bone was the femur.
Prognostic factors
Univariate analysis revealed significantly worse DFS with the presence of PNI and positive resection margins ( Figure 1 ).
On univariate analysis, OS was negatively impacted by the presence of lymphovascular invasion, site of primary tumor, and stage ( Table 2 ). The estimated median OS Figure 2 ).
DISCUSSION
ACC accounts for 10% of malignant salivary gland neoplasms. 1 The tumor is predominantly biologically low grade and is known for its chronic, indolent nature; however, in the long-term, it has a significant ability to metastasize. Precedent literature on the clinicopathologic predictors of prognosis in head and neck ACC are conflicting. In this study, we found that the prognosis of head and neck ACC is worse with the presence of PNI, female sex, and disease site. Extensive PNI in patients with ACC has previously been identified as an important prognostic factor for OS and DFS. 2, 5, 17, 18 This study supports previous data that identifies PNI as a poor prognostic factor of DFS (p < .01). We did not identify a correlation between PNI and OS (p 5 .13). The lack of significant impact on OS in these patients may be secondary to the indolent nature of ACC with frequent recurrences but overall good longterm survival. It may be that these patients' are succumbing to diseases unrelated to their cancer resulting in the lack of correlation between prognostic factors for disease recurrence and OS.
Advanced stage has been reported as a significant prognostic factor in multiple previous studies. 5, 8, 18 In our study, advanced stage had a negative impact on OS (p < .01) but not on DFS (p 5 .25) on univariate analysis alone. We found significantly higher rates of PNI (81% vs 41%; p < .01) and positive postsurgical margins (69% vs 37%; p < .01) in more advanced disease.
We found the minor salivary glands of the sinonasal cavity as the most common site of ACC in the head and neck, followed by tumors of the parotid, submandibular, and sublingual glands. The minor salivary glands of the oral cavity, oropharynx, and larynx were least common. The primary site of involvement of ACC has previously been reported as a prognostic factor, with minor salivary gland ACC having a worse prognosis when compared to major salivary gland ACC. 5, 9, 18, 19 We compared the OS between sinonasal (estimated median 5 105; 95% CI, 37-NA), oral cavity (estimated median OS 5 313; 95% CI, 25-313), and major salivary gland (estimated median OS 237, 95% CI, 195-NA) sites of ACC, and found significantly worse survival in tumors originating in the sinonasal cavity (p 5 .002). Pitman et al 19 also reported that patients with ACC of the sinonasal cavity were at high risk of recurrence and speculated that this might be due to higher stage at presentation, higher incidence of PNI, and higher rates of positive margins in these patients. This is, in part, because of the challenge of resecting tumors arising in the sinonasal cavity. In our study, the site of disease correlated only with overall disease stage in which minor salivary gland involvement was more likely to present with advanced-stage disease (stage III or IV) when compared to major salivary gland ACC (53% vs 39%, respectively; p 5 .13).
In contrast to head and neck squamous cell carcinoma, lymphatic spread to the neck plays a minor role in the spread of ACC. 3 In our study, only 8 patients showed regional nodal metastases at diagnosis, and 12 patients developed regional recurrence. Despite low rates of lymphatic spread, we found lymphovascular invasion to be correlated with a worse outcome in terms of OS (p 5 .02) on univariate analysis.
The majority of patients (52%; n 5 45) in our cohort were found to have positive surgical margins on histopathology. The high rate of positive margin status in ACC is thought to be related to high rates of skip lesions, PNI, and perivascular invasion, and is supported by previous studies reporting higher rates of positive margins for ACC when compared to other head and neck malignancies. 2, 20 The prognostic value of negative surgical margins, however, remains controversial in the literature. Most authors describe better local control rates after complete resection. 5, 6 We were able to confirm this in our study with positive surgical margins being highly correlated with disease recurrence (p < .01) but it did not correlate with OS (p 5 .13) on univariate analysis. This reaffirms the indolent nature of this disease including long-term survival despite high recurrence rates.
Nascimento et al 18 previously reported that older age significantly correlated with worse DFS and OS. In our study, age >50 approached significance on both univariate and multivariate analysis (p 5 .09 and p 5 .15, respectively) for correlating with decreased DFS. We found no statistical difference between patients under and over age 50 in the aggressiveness of surgical resection (p 5 .06), rates of adjuvant therapy (p 5 .18), rates of minor salivary gland involvement (p 5 .28), or stage of disease (p 5 .53) that would explain this difference. Interestingly, patients aged >50 had lower rates of positive surgical margins (42% vs 63%; p 5 .06).
The literature on the impact of sex in the clinical outcome of head and neck ACC is mixed. The largest epidemiologic data on ACC in the head and neck seems to suggest that women have better prognosis compared with men. 21 However, in another study, female patients were noted to have shorter DFS. 9 The findings from our study parallel the latter, with female sex approaching statistical significance as a prognostic factor for ACC recurrence (p 5 .07). It has been suggested that there may be a hormonal influence accounting for the different biological behaviors of ACC among the sexes. 22 Reports of aER and PR expression in salivary gland ACC range from 0% to 100%. [23] [24] [25] Possible explanations for this variation include clone variability and different methods of antigen retrieval. Our study revealed the absence of aER or PR expression in all the samples tested and paralleled those of others. 23, 24 These results suggest that estrogen and progesterone play a limited role, if any, in salivary gland ACC tumorigenesis.
Ki-67 is a marker of cellular proliferation. It is present during all active phases of the cell cycle, but is absent in resting cells. Higher Ki-67 expression has previously been correlated with poorer DFS and the solid subtype. 7, 19 In our study, positive Ki-67 expression was noted in only 5 patients (6%). Ki-67 expression was not found to be significant on either multivariate or univariate analysis, however, these results should be viewed cautiously because of the small number of patients analyzed. P53 is the most common multifunctional gene aberration identified in human malignancy. Its expression in salivary gland ACC has been reported in 17% to 55% of cases. 12, 26 In our study, positive p53 expression was noted in 2 cases (2%). The low levels of p53 expression may be related to sample size and the use of stricter grading criteria that were set forth by Luo et al 13 and Motta Rda et al 14 in which positive expression was defined as staining 10% of the tumor nuclei. The low levels of significant p53 expression in this study suggest that p53 mutation is not a common occurrence in biologically lowgrade ACC.
The histologic subtype of ACC has been suggested to be predictive of its biologic behavior, with the solid subtype being the most clinically aggressive. 5, 8, 18 Our study does not indicate worse prognosis for the solid ACC subtype nor did it correlate with a higher proliferate index. This may, however, be due to the low sample number with only 10 cases in the cohort identified with the solid pattern.
The current standard of care for head and neck ACC is complete surgical resection. 2, 4 That is also the current practice at our institution with all patients included in this cohort receiving primary curative surgery. However, because of the high rates of recurrence of ACC, the literature supports the use of adjuvant radiation therapy to reduce recurrence rates. 3, 4, 6, 17, 18 The indications for postoperative radiation therapy vary from study to study. Miglianico et al 4 recommends postoperative radiation when resection margins are positive, whereas other authors recommend postoperative radiation for all patients with ACC, independently of other prognostic factors. 1 In our study, there was no impact on DFS and OS with the addition of adjuvant radiation therapy (p 5 .61 and p 5 .45, respectively). In addition, there was no individual effect on local (p 5 .30), regional (p 5 .53), and distant (p 5 .83) disease recurrence. At our institution, we found that radiation therapy was used more in patients with advanced stage disease (p < .01), PNI (p 5 .01), and positive resection margins (p < .01), however, subgroup analysis of these higher risk groups similarly revealed no impact on DFS and OS with the addition of postoperative radiation therapy.
We recognize several inherent limitations to this study. This is a retrospective analysis of a single institution lending to potential bias. Our patient population was fairly homogenous in terms of the extent of surgical resection and use of adjuvant radiation therapy, and, therefore, the study results may not necessarily be generalized to all treatment contexts. Nonetheless, this study does represent the largest cohort of ACC cases treated in the modern surgical era from a single institution and does highlight pertinent clinicopathologic parameters that impact disease outcome.
In summary, we present clinical and pathological predictors for head and neck ACC through a retrospective chart review at a single tertiary care, multidisciplinary center. The most important predictors of DFS and OS were PNI, sex, and disease site. Several other factors, including advanced stage, lymphovascular invasion, and surgical margin status, also suggested poorer disease prognosis, but did not reach statistical significance on multivariate analysis. The addition of radiation therapy confers no recurrence or survival advantage. Therefore, surgery should remain the mainstay of therapy for head and neck ACC. The use of postoperative radiation therapy should be limited as it may increase patient morbidity.
